A new species of wedgefish, Rhynchobatus immaculatus sp. nov., is described from a small collection of specimens obtained from fish markets in northern Taiwan. It is probably a medium-sized species (probably attaining ca. 1.5 m TL) because the largest known specimen, an immature male (ca. 1 m TL), has prolongated dorsal and caudal fins typical of adult wedgefishes. Rhynchobatus immaculatus is unique within the family in having a very high vertebral count (within the range of 165-170 total free centra) and in lacking a dark pectoral marking. Other Rhynchobatus species occurring in Taiwanese seas appear to attain a larger adult size, possess a dark pectoral marking at least in young, and have lower vertebral counts (fewer than 161 total fee centra). Rhynchobatus yentinesis, which was described from a specimen taken nearby at Wenzhou, China, has not yet been attributed to a currently recognised species. However, based on the illustration of the holotype, which reveals a broad-snouted species with a dark pectoral spot, it is closest to either R. palpebratus or R. springeri.
Introduction
The genus Rhynchobatus Müller & Henle comprises at least seven species of moderate-sized to very large (0.8-3 m total length as adults) shark-like batoids (Compagno & Last, 2010) : R. australiae Whitley, 1939 from Australia, Thailand, Philippines, Singapore, Taiwan, and Indonesia; R. djiddensis (Forsskål, 1775) from the western Indian Ocean, including southern Africa, Mozambique and the Red Sea; R. laevis (Bloch & Schneider, 1801) from Zanzibar, the Arabian Sea, Oman, the Persian Gulf, India, Sri Lanka, and Bangladesh; R. luebberti Ehrenbaum, 1914 from tropical West Africa, including Mauritania to Congo and Angola; R. palpebratus Compagno & Last, 2008 from the Indo-Malay Archipelago; R. springeri Compagno & Last, 2010 from the Indo-Malay Archipelago and possibly further west; and R. sp. 1 (Compagno & Last, 1999) only known from Singapore and Java. The placement of the unique holotype of Rhynchobatus yentinesis Wang, 1933 from the East China Sea is uncertain.
In March 2012, during a workshop to investigate the shark and ray biodiversity of Taiwan, the authors discovered a small wedgefish in fish markets that was undescribed. This wedgefish is most likely a medium-sized Rhynchobatus and differs from its congeners in coloration and having a very high vertebral count.
Materials and Methods
Proportional dimensions, expressed as percentages of total length, are given in Table 1 . External measurements of Rhynchobatus specimens are based on batoid measurements proposed by Bigelow & Schroeder (1953) , Hubbs & Ishiyama (1968) , Compagno & Roberts (1982) , Compagno & Randall (1987) and Randall & Compagno (1995) , and the shark measurements of Compagno (1984 Compagno ( , 2001 . Terminology for enlarged dermal denticles or spines is based on Hubbs & Ishiyama (1968) . Vertebral centra, pectoral-fin radials, and crania were examined and meristic details counted from radiographs (see also Compagno & Last, 2008) . The vertebral column of Rhynchobatus is more differentiated than in sharks and is explained herein (see also Compagno & Last, 2010) : a group of vertebrae behind the cranium are fused to form a large cervical synarcual element (Garman, 1913; Compagno, 1973 Compagno, , 1988 Compagno, , 1999 Compagno, , 2003 containing from 25-34 segments; the synarcual element has an anterior centrum-free region of 13-21 segments and a posterior region with 11-16 embedded centra. The number of synarcual segments is determined by counting the synarcual centra and the corresponding spinal nerve foramina and canals in the anterior centrum-free region on properly exposed, high-resolution radiographs; it is often not possible to count the centrum-free region in some specimens, particularly newborn and poorly calcified individuals, although synarcual centra are usually visible. Posterior to the synarcual, the vertebral column can be subdivided into monospondylous precaudal (MP) centra in the trunk, diplospondylous precaudal (DP) centra in the precaudal tail, and diplospondylous caudal (DC) centra in the caudal fin. The MP centra have very long ribs that are reduced posteriorly before the transition to DP centra, in which the centra suddenly become smaller and two per myomere. The DC centra have strongly expanded neural and haemal arches modified as pterygiophores for the caudal fin but, for purposes of consistency, counts are delimited anteriorly at the upper caudal-fin origin as in sharks (Springer & Garrick, 1964) . Counts presented here include the numbers of centra in the synarcual element, and the MP centra, DP centra, DC centra, total free centra, and total centra; centrum-free segments and total segments were not included as some of these counts proved difficult to obtain. FIGURE 1. Sites for examining denticle morphology using SEM in Rhynchobatus. A. dorsal surface of snout; B. supraorbital; C. midscapular; D. pectoral fin; E. flank; and F. ventral anterior tail.
The pectoral fin skeleton was described in Compagno & Last (2010) but is repeated here to avoid ambiguity. In Rhynchobatus, as in most modern elasmobranchs or neoselachians (Compagno, 1973 (Compagno, , 1977 (Compagno, , 1988 (Compagno, , 1999 (Compagno, , 2003 , there are three basal cartilages to the pectoral-fin skeleton: the anterior propterygium, intermediate mesopterygium, and posterior metapterygium, which bears most of the pectoral-fin radials. Rhynchobatus (and various other batoids) have a space between the mesopterygium and metapterygium where 'neopterygial' radials articulate directly with the synarcual. The propterygium of Rhynchobatus is a single, unsegmented cartilage with its front end terminating behind the nasal capsules; anterior to the propterygium are 1-8 free propterygial radials suggesting that a segmented propterygial axis, such as that present in other batoids, may have been lost in Rhynchobatus. The propterygium itself has 16-26 radials, the mesopterygium about 5-7 radials, the neopterygial space on the scapulocoracoid about 4-6 radials, and the metapterygium 21-29 radials. Counts presented include free, propterygial, mesopterygial, neopterygial, metapterygial, total basal radials (excluding free radials), and total radials. Cranial morphology of the new Rhynchobatus species is not considered in detail here but we note that Rhynchobatus species differ in the shape of their rostral appendices, and by the position of the anterior ends of the anterior orbital cartilages relative to the anterior ends of the nasal capsules.
The denticle morphology was examined using scanning electron microscopy (SEM). The shapes and sizes of denticles vary at different positions on the body. For the purposes of this study, the regions examined included the snout, supraorbit, beside the midscapular ridge, on the pectoral fin, the flank beneath the first dorsal fin, and on the ventral surface at the anterior tail (Figure 1 ).
Morphometric and meristic data given in the description includes information on the holotype and three paratypes. Data taken for other material contains some methodological inconsistencies and was excluded. Material discussed in this manuscript is deposited in the ichthyological collections of the Australian National Fish Collection, Hobart (CSIRO) and the National Museum of Marine Biology & Aquarium, Pingtung (NMM-B).
Species Treatment
Rhynchobatus immaculatus sp. nov. (Figures 2-8 Diagnosis. A medium-sized species of the genus Rhynchobatus with the following combination of characters: a broad, wedge-shaped snout; preoral snout 19-21% TL; eye small, length 4.1-4.5 in preorbital snout; interorbital space 2.6-2.9 in preorbital snout; tooth rows about 48; spines absent from snout; supraorbital spines small, well differentiated, extending from preorbit to beyond end of spiracle; predorsal spines relatively well developed; two disjunct rows of 6-9 small scapular spines on each side of disc; predorsal space 48-49% of total length; origin of first dorsal fin well behind origin of pelvic-fin bases; dark greenish brown dorsally with a few white spots scattered on pectoral disc; black pectoral marking absent; prominent row of white spots commencing just forward of a single white spot (above pelvic-fin origin) and coalescing posteriorly to form a white mid-lateral line on tail; orbital membrane white with dark bar over eye; no alternating light and dark markings on interorbital space; total pectoralfin radials 65-68; vertebrae with 28-30 monospondylous precaudal centra, 124-131 precaudal free centra, 38-42 diplospondylous caudal (free) centra, 165-170 total free centra, 179-184 total centra (including synarcual centra).
Description. Body relatively robust; snout in front of eyes bluntly angular to obtusely wedge-shaped, angle about 50° in holotype (52-53° in paratypes). Lateral margin of snout slightly convex beside orbit, otherwise almost straight. Preorbital length 3.3 in holotype (3.3-3.4 in paratypes) times interorbital width. Preoral length 3.4 (3.0-3.3) times mouth width. Disc width across pectoral-fin apices 75% (75-77%) of disc length from snout tip to pectoral-fin free rear tips. Head strongly depressed, trowel-shaped, disc thickness 1.5 (1.6-1.7) times in interorbital space; ventral head length 3.2 (3.2-3.4) times in total length; surface between eyes and spiracles almost flat. Precloacal length 85% (86-88%) of length of tail from anterior vent to caudal-fin tip. Tail moderately depressed; in cross section, arched dorsally, almost flat ventrally, angular ventrolaterally at lateral keels, tapering evenly from pelvic-fin insertions. Width of tail at first dorsal-fin insertions of holotype 1.8 (1.6-1.9) times interspiracular distance. Lateral keels extended forward as a thickened angular edge along precaudal tail, reaching forward to below posterior half of first-dorsal fin; strongly differentiated on anterior part of caudal fin. Horizontal eye (eyeball) diameter about 63% (64-67%) of interspiracular width, distance from anterior margin of orbit to posterior margin of spiracle slightly smaller than interspiracular width; greatest dimension of spiracles 58% (47-50%) of horizontal eye diameter; distance between spiracle and eye less than a fifth horizontal eye diameter, membrane of orbit almost continuous with spiracular opening. Spiracle dorsolateral, anterior margin with a partly concealed thickened valve, posterior margin with two short anteriorly directed spiracular folds; outer fold slightly taller and larger than inner fold.
Nostrils diagonal, forming about a 45° angle with body axis, incurrent aperture directed more laterally. Nasal cavity fully exposed, without dividing flaps; aperture straight anterolaterally, recurved posteromedially. Anterior nasal flap narrow, low, anteromedial on nasal aperture, inserted near midlength of nasal aperture; anterior process short, bilobed, its base length about twice as long as its width. Posterolateral nasal flap low, narrow and elongated, weakly lobate; originating just behind anterior lateral edge of incurrent aperture, extending posteriorly to about midlength of nasal aperture. Posterior nasal flap low, short based; joined to undersurface of posterolateral flap near anterior third of its length, junction concealed beneath posterolateral nasal flap; inserted near posterior quarter of nostril. Nostril width 1.3 (1.2) times in internarial width.
Mouth opening somewhat arcuate, weakly undulating to nearly straight laterally; strong medial depression on upper jaw corresponding to a very prominent anterior protrusion at symphysis of lower jaw; much weaker corresponding depressions and convexities laterally. Labial folds and furrows short, but well developed at corners of mouth; shallow pockets, circumoral grooves, and low folds and depressions, surround jaws laterally to labial folds; grooves most prominent on lower jaw. Teeth in quincunx, about 48 rows in both upper and lower jaws of paratype CSIRO H 7418-01. First four gill openings subequal in length, the fifth slightly shorter. Third gill opening 2.6 (2.3-2.6) in internarial width, 3.3 (2.8-3.1) times in nostril length, 1.2 (1.2-1.7) times length of fifth gill opening. Dermal denticles minute, covering all of body surface, varying in shape and size over body (Figure 7) . Denticles with slender pedicels and elevated crowns; crowns rhomboidal, subcircular to broadly ovoid, margins irregularly rounded to crenulate anteriorly; crowns weakly unicuspidate, rounded or tricuspidate posteriorly, usually with prominent medial and lateral ridges. On snout, broadly ovoid, textured with 3-5 pronounced longitudinal ridges; median ridge best developed; posterior margin weakly tricuspidate; scales in two main sizes, weakly imbricated with some gaps (Figure 7a ). On interorbit, somewhat similar to snout ( Figure 7b) ; those on orbital membrane slightly smaller than those on interorbit; an indistinct patch of slightly enlarged (often more elongate) denticles present in front of eyes. On mid-dorsal surface, more regular in size, dense, often weakly imbricate; narrow patches of skin exposed where scales are missing; posterior margins irregular to rounded ( Figure  7c ). On outer pectoral fin, much smaller, similar to those of snout (Figure 7d ). On flank below first dorsal fin, similar to outer pectoral fin but relatively much broader (Figure 7e ). On ventral surface, subrhomboidal, usually acuspid, strongly imbricate; slightly larger than on dorsal flank but mostly smaller than on disc (Figure 7f) .
Small, variable-sized spines present on dorsal surface of body and tail; present in series on orbital margin, along dorsal midline of disc and tail, and in scapular region; those of nuchal and mid-scapular regions largest; rostral spines absent. Spines along midline of disc and tail narrow and long based or globular and weakly oblique; distal surfaces of globular spines smooth, with corrugated bases; keel-like spines with corrugated bases and sometimes lateral edges. Orbit of paratype CSIRO H 7418-01 with a single, continuous series of ca. 20, small, variable-sized spines; series extending along inner margin of orbit from anterior mid-eye to beyond posterior margin of spiracle; similar in form to those along midline; row partly interrupted above mid spiracle in some types (partially subdivided into orbital and spiracular groups of spines). Predorsal series with ca. 27 spines of varying size in CSIRO H 7418-01, well developed, spines partly embedded in a low, cutaneous ridge; extending from anterior nuchal region to over pelvic-fin origin; spine bases often within a shallow groove; closely and more or less evenly spaced anteriorly, more widely spaced posteriorly. Interdorsal series barely emergent; absent and not forming a ridge behind second dorsal fin. Scapular spines of CSIRO H 7418-01in two short, disjunct, linear series of on each side of disc; commencing just behind origin of predorsal series, terminating at level of pectoral-fin apex; anterior series with ca 8-9 spines, its length subequal to eye diameter; posterior series with 6-9 spines, short, slightly longer than anterior series; no obvious lateral patches present. Dorsal fins similar in shape in young, raked, shark-like, with convex anterior margins (shallowly concave at base), bluntly pointed apices, deeply concave posterior margins, sharply acute free rear tips, and straight inner margins. Inner margin of first dorsal fin about twice (1.9-2.0 times) in its base length. First dorsal fin larger than second; origin just forward of mid-base of pelvic fins; free rear tip slightly behind free rear tips of pelvic fin.
Interdorsal space 2.8 (2.3-2.7) times length of first dorsal base, 3.5 (2.9-3.3) of length of second dorsal-fin base. Caudal fin rather short, strongly forked; dorsal caudal margin 6.5 (5.9-6.5) in total length, subequal to interdorsal space. Dorsal caudal margin strongly convex, weakly concave near its origin; tip bluntly pointed. Preventral caudal margin strongly convex; ventral lobe well developed, tip strongly angular. Lower postventral caudal margin short, weakly concave, 2.9 (2.2-3.2) in length of upper margin. Upper postventral margin weakly concave. Caudal axis elevated slightly, forming a narrow angle to main body axis. Pectoral fin originating at about level of spiracle, with initially concave then convex anterior margins; apices broadly pointed, posterior margins moderately convex; free rear tips narrowly rounded, extending 101% (85-89%) of distance between pectoral and pelvic-fin bases (pectoralpelvic space); inner margins straight to weakly concave. Pelvic fins small, with weakly convex to straight anterior margins, broadly rounded apices, weakly concave posterior margins, elongate and very narrowly rounded free rear tips, and concave inner margins; inner margin very long, 1.5 (1.3-1.5) times length of pelvic base; fin base 1.0 (0.9) in pectoral-pelvic space; height of pelvic fin about 2.1 (2.0-2.3) in their length. Distance between pelvic-fin insertions much longer than pelvic-fin base length. Vent with well-developed folds laterally; well separated from pelvic-fin inner margins. No data on adult clasper. P1I-Pectoral-fin inner margin 4. Vertebral column with 184 (179-181) total centra (excluding segments); 14 (14-15) synarcual centra, 28 (29-30) monospondylous centra, 131 (124-127) precaudal free centra, 39 (38-42) diplospondylous caudal (free) centra, 170 (165-166) total free centra. Total synarcual segments 7.6% (7.8-8.3)%, monospondylous 15.2% (16.1-16.8)%, diplospondylous precaudal centra 56.0% (51.9-54.2)%, and precaudal free centra 71.2% (68.5-70.9)% of total centra count. Total pectoral radials 65 (66-68): 4 (5-7) free radials before propterygium, 22 (22) propterygials, 5 (5) mesopterygials, 5 (6) neopterygials, 29 (28) metapterygials, 61 (59-61) total basal radials (excluding free radials).
Colour (when fresh). Based on holotype NMMB-P16274 unless stated otherwise: Dorsal surface of body mostly medium to dark greenish brown (becoming greyish on preservation); paler, yellowish brown laterally beside rostral cartilage on snout and along hind margins of pectoral and pelvic fins; black pectoral marking absent, instead region plain or with 1 (1-3 in paratypes) small, diffuse-edged white spots; a few similar, isolated white spots near insertion of pectoral fins; single white spot above origin of pelvic fin; a few white spots at bases of dorsal fins (sometimes also beneath their inner margins); a well-developed, single row of small white spots on flank originating over origin of pelvic fin, then coalescing beneath first dorsal fin to form a narrow white stripe; stripe extending along dorsolateral surface of each side of tail to anterior part of caudal peduncle; dorsal and caudal fins yellowish brown, paler than body, tips dusky; orbit white with a broad black bar on its upper surface; suborbit pale; interorbit with a white spots on each side near obit and with or without a dark medium blotch. Ventral surface almost uniformly white, strongly contrasted with dorsal surface; anterior half of snout either side of rostral shaft with broad, irregular, semicircular, blackish patch (faint is some preserved material); dark patch also between nostrils in NMMB-P16275; pectoral-fin with narrow dusky tips. In preservative, pale areas on dorsal surface becoming more strongly demarcated from darker areas adjacent. Size. Reaches at least 99 cm TL (non-type NMMB-P15684), but this specimen and all five other males examined (41-89 cm TL) were immature. The dorsal and caudal fins were well developed in NMMB-P15684 (see Figure 4 ), so it is likely to be a medium-size wedgefish with a maximum length less than 150 cm. An investigation of size structure in the Taiwanese population is needed.
Distribution. Known from seas adjacent Taiwan. Possibly more widespread locally in the western North Pacific, but positive confirmation is needed as these fishes are frequently mis-identified.
Etymology. The epithet, immaculate, is a combination of the Latin im (not) and macula (spot, mark), and is based on the lack of a dark pectoral marking (rather than any white spots) which is otherwise present in small individuals of other nominal species of Rhynchobatus. Vernacular: Taiwanese Wedgefish.
Remarks. The Taiwanese Wedgefish, Rhynchobatus immaculatus, undergoes ontogenetic changes in fin shape that typify development in many other chondrichthyan fishes. The dorsal fins change shape to become taller and more erect as they develop (see Figure 4) . The first dorsal fin becomes more pointed apically (Figures 4a, d) , and the caudal-fin lobes become relatively longer and narrower (Figures 4c, f) . These changes, which take place within a relatively narrow size range (immature males NMMB-P16274 and NMMB-P15684 are 730 mm and 992 mm TL respectively) in R. immaculatus, are likely to be associated with onset of maturity.
Rhynchobatus immaculatus differs from other wedgefishes occurring in the western North Pacific, primarily in vertebral count and coloration. It has a very high vertebral count matched only by R. djiddensis from the Indian Ocean; total free centra of R. immaculatus 165-170 vs. typically more than 174 in R. djiddensis. Another high count species R. australiae, has been confirmed from Taiwan (HUMZ-109480, female 790 mm TL; total free centra 161) but, like R. djiddensis, has a more complex colour pattern and a black pectoral marking in small individuals. Rhynchobatus immaculatus also appears to be a smaller wedgefish than either R. australiae or R. djiddensis, which both attain about 300 mm TL (Compagno & Last, 1999) and 310 mm TL (Compagno et al., 1989) respectively. An undescribed species from the Indo-Malay Archipelago, Rhynchobatus sp. 1 (sensu Compagno & Last, 1999) , which also has a dark, white-spotted body and lacks a dark pectoral marking, has a longer snout and much lower vertebral count (113-116) than R. immaculatus. All other species occurring in the region have a dark pectoral marking and lower vertebral counts: R. springeri has 113-126 free vertebral centra and R. palpebratus has 135-139 free vertebral centra (Compagno & Last, 2008) . Also, the first dorsal fin is more posteriorly positioned in R. immaculatus (predorsal length 48-49% TL vs. 42-45% (mean 43%) TL and 43-48% (mean 46%) TL in R. springeri and R. palpebratus respectively. Compagno & Last (1999) considered Rhynchobatus yentinensis Wang, described from a specimen taken at nearby Wenzhou, China, to be a possible synonym of R. springeri (their former R. sp. 2), but later considered it more likely to be synonymous with R. laevis (Bloch & Schneider, 1801) (Compagno & Last 2008; Eschmeyer, 2013 ). Wang's (1933) account of the male holotype (1010 mm TL) gives an upper tooth row count of 27 (much lower the 52 rows in the smaller holotype of R. springeri and R. palpebratus, or the 48 rows in a smaller type of R. immaculatus). The holotype of R. yentinensis once existed as a mounted skin but is now missing. According to Prof. Han-Lin Wu (Shanghai Ocean University, pers comm. to Xiaoyu Kong), most type specimens in Chinese collections from the early 1900s were lost during the Second World War. However, based on Wang's description, R. yentinensis has a dark spot on the snout (vs. absent in R. immaculatus), first dorsal-fin origin above or slightly behind the pelvic-fin origin (vs. first dorsal-fin origin well behind pelvic-fin origin), 2 spines in inner scapular rows on disc (vs. 6-9 spines), 2 series of white spots (vs. none) along the tail of males about 100 cm TL, and possibly a relatively shorter snout (preorbital length 2.4 times space vs. 2.6-2.9 times width of interorbital space). From the illustration and description of the holotype, R. yentinensis appears to be a broad-snouted species with a dark pectoral marking and low scapular spine count, suggesting that it is closer to either R. palpebratus or R. springeri, than to R. immaculatus. Its placement will have to be decided using molecular analysis, if the holotype is ever rediscovered and DNA can be extracted from the skin.
